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Volunteer ∞mputing (VC) is an Internet-based parallel computing paradigm that enables 
any Internet participant to contribute the idle ∞mputing 肥田urces of their desktop PCs (such 
as CPU cycles and storage) to efforts aimed at solving large parallel problems_ While there has 
been rapidly growing interest in VC as a ul仕油igh performance ∞mputing environment, VC 
stil has a mandatory issue あr reliable ∞mputing， that is, the 四回urces 血 VC may behave 
erratically due to hardware/so仕ware failures or virus infection, or may behave maliciously to 
falsify the computation, each of which res叫脂血組.bo阻geto the computation_ 
Against the sabotaging, some sabotage-toleran目 mechanisms are proposed ゐr reliable 
computation. However, the sabo阻ge tolerant performance and the drawbacks of those 
mechanisms have been hidden in real VC systems s血田 theyare proposed and evaluated based 
on unrealistic VC models. The objective of this 白鴎arch is to estab1ish a sabotage-tolerant and 
high-performance volunteer computing platform，品cusing on solving the following major 
issues with the e泊sting sabo也ge-toler姐ce mechanisms. 
. Ine伍cient 詑dundantcomputation (exl田ss redundancy) 
. Incapable of various environments (pre町田 ofunknown parame旬rs)
. Incapable of particular sabotaging (imperfections of checking techniques) 
Chapter 2. Volunteer Computing Platform 
This chapter provides 回me background knowledge of VCs. As desぽibed in this chapter, 
many VC projects have run successfully or are current1y running on the Internet.τ'ho艶
projects are developed using a VC 企amework， which provides templates and simp1i五es the 
work of creating a VC project. Nowadays it is not 回出血c叫t for any scientist to u田 VC for 
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high performance ∞mputing. 
羽也ile VC becomes easy to u田， it stil has a mandatory issue ゐr reliable ∞mputing; that is, 
saboteurs in VC systems may behave maliciously and return in∞町ect results, each ofwhich 
degrades ∞mpu阻tional correctness. Against these sabotaging, cur四nt VC 仕ameworks
provide some sabotage-tolerance mechanisms such as credib出ty-ba田d voting to dec四a田
error rate of a computation and improve the computational 陀liab出旬 ofVCsystems. However, 
those mechanisms are proposed and evaluated in unrealistic VC models such as the simple 
random attack model without workers' defection. The per品rman田 and drawbacks of those 
mechanisms are hidden in 問al VC sys旬ms.τ'here品目， cur陀nt VC 企ameworks such as 
BOINC provides the simplest sabotage-tolerance mechanism based on a redundant 
∞mputation， which signi五cantly degrades the performance instead of ensuring the 四liab出ty
of ∞mputation.τ'his motivates us to reveal the sabotage-toleran田 performan田 and
drawbacks of current sabotage-toleran田 mechanisms， and improve them あr higher 
performan田 andmo四回liableVC systems. 
Chapter 3. C四dib出ty-B酪edMechanism and Job Scheduling 
Since the p問問n田 of saboteurs and i匂 adverse e島cts be∞mes known, many re田archers
出mto provide “sabotage-toler組問 mechanisms"， which decreases error rate of a ∞mpu阻tion
and improves the computational reliab丑ity of VC systems. However, those mechanisms are 
proposed and evaluated in unrealistic VC models such as the simple random attack model. 
In this chapter, these sabotage-tolerance mechanisms such as credib出ty-ba田d mechanisms 
a即 introduced and evaluated in mo回目alistic models to study the sabotage-toleran回
performan田 and drawbacks. This study indicates that the choi，田s of 阻botage-toleran田
mechanisms and job scheduling methods have a signi五個nti皿.pacton the performanω. 
τ'hen， formo四 e血cient sabo旬ge tolerance and higher performance ofVC systems, a dynamic 
job scheduling method is proposed. The key factor to redu田 the computation time is how to 
随ve unne田ssary job all∞ations. It is, however, difficult to find during a ∞mpu也tion which 
results will be unne田S組ry at the end of the ∞mpu阻tion because the c問dibility of jobs 
changes dynamicaliy depending on the unpredictable 陀S叫旬 ofjobs 開turned あr normal and 
叩0悦er jobs.τbp問dict this, two novel metrics are de畳間d in the propo田d method: the 
expec卸d・credib辺ity and the expec旬d number of results. U sing these two metrics, the proposed 
scheduling method 伺n select a proper job to be executed prior to others, thereby achieving a 
reduction in the computation time of a ∞mputation. 
Chapter 4. Optimal Spot-checking あr High-Perゐrmance Volunteer Computing 
As shown in Chapter 3, c回dib週ity-ba田d voting is a promis血g approach to the 阻bo阻ge
tolerance of VC systems. However, the same problem as 品r the simple voting methods 
remains unsolved. That is, it relies on a project owner 旬 determine the spot-check rate.τ'he 
degree of redundant jobs is an important parame旬r which impacts on the performance ofthe 
system. A large rate ∞uld 問sult in an excessive checking, which increases the ∞mputation 
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time due to the spot-checking itse]f. Therefo回， the estimation of the optimal spot-check rate is 
the most important issue 旬開alize high-performance and high-reliable VC 可stems.
In this chapter, a technique お proposed for estimating the optimal spot-check rate 旬
minimize the computation time ofthe 町edib出ty-ba田dvoting. The key idea for the estimation 
is to represent the mathematical expectation of the ∞皿putation time as a function of 
spot-check rate q. The main ∞ntributions of this work 訂e the follows. (1) Developing an 
opti皿ization technique ゐIr spot-checking on the c四dib出ty-based voting with ENR-based job 
随lection. This technique allows project owners 加 ch∞田 an appropriate spot-check rate 旬
minimize the ∞mpu組tion “me of VC projects. (2) Ve司令ing the a田uracy of estimated 
叩ot-check ra飴 through a custom VC simulator and showing that the esti皿ated spot-check 
rate always matches well the optimal rate. (3) Revealing the performance of several job 
selection methods using the estimated spot-check rate and pointing out the critical problem of 
an arbitrary chosen 叩ot-checkrate. 
Chapter 5. Generalized Spot-checking あr Sabotage-Tolerant Volunteer Computing 
In 叩ot-chec恒ng-based sabotage-toleran田 methods such as c回dibility-ba田d voting, the 
res叫旬 ofchecking are utilized in the estimation of岨.bo旬gingfrequency and the calculation of 
cre出b出ty. Tho田 methods work well as long as the saboteurs never distin郡山h spo此er jobs; 
that is, they implicitly assume that the 問sults of spot-chec恒ng are fully-reliable. However, 
genera出g such indistinguishable spo枕er jobs is s凶1 an open and tough problem be伺U回比
即quires a huge number of 四liable nodes or computation time to prepa毘 a number of various 
spotter jobs and the ∞rrect results, which are impractical in 四alVC systems. Thus, the result 
of spot-checking cannot be fully-reliable 血児alVCs. Saboteurs may return correct results only 
伽叩0悦er jobs, while sabotaging normal jobs to disturb the computation. This makes the 
spot-chec恒ng-based methods useless for guaranteeing the computational co町田tness ofVCs. 
This chapter introdu凹s an idea of generalized 叩ot-chec恒ngto gu訂姐tee the computational 
∞rrectness under the situation that the result of叩ot-chec恒ngis not fully-reliable. The main 
contributions of this work are the follows. (1) Developing a generalized あrmula of the 
C四dib出ty by introducing the probability c that 陀P開館n旬 the accuracy of spot-chec恒ng. This 
generalization allows c四dib出ty-ba田d votingto 伊aran旬e the computational cor四ctness even 
if 回boteurs distinguish spo伽r jobs. Through simulations, the accuracy of the generalized 
formula is veri.fied. 包) Enabling to apply a check-by-voting method to c児dib出ty-ba田dvoting 
to improve the performance of VCs, while guaranteeing the ∞mputational cor四ctness. This 
application has become possible because of the generalized ゐ>rmula. Through simulations, it is 
compared the performance ofVCs with and without check-by-voting. 
Chapter 6. Group-based Job Scheduling ゐr 官meLimited Volunteer Computing 
Cre出凶ity-ba田d voting with check-by-voting proposed in Chapter 5 becomes a promising 
approach to high-performance and reliable VC in that the ∞mputational correctness is 
guaranteed with litle redundant computation. However, the basic job scheduling methods 伽
C四dibility-ba田d voting do not work well for check-by-voting. Especially, for VCs with 田ve四
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deadlines, those methods signi五cant1y degrade the performance of VC sys飴ms due to the 
pre田nce of “half-finished jobs" _ The number of half-finished jobs has a s唱団宣阻nt impact on 
performan田 becau田 they do not increase the throughput of VC sys飴ms， while wasting the 
∞mputing re佃町田s_ Moreover, such half-白血shedjobs p四vent check-by-voting 企omchecking 
the credib出ty of participants su血cient1y. Since the deadline お given based on numerous 
factors such as the availability ofVC systems and the demand of∞mputation projects, a novel 
job scheduling method is n田ess但y あ，rc陀dib出ty-ba田dvoting with check-by-voting to support 
various VCs, especially those with 田ve即 deadlines.
The key idea of improving per品rman偲 is reducing the number of such half-finished jobs by 
using a grouping technique. The grouping technique dec四ases the number of half-finished 
jobs by all∞ating a job to multiple workers in a group at the same time. Although some 
adaptive grouping methods have been proposed 品，r adaptive grouping, these methods are not 
applicable あr credibility-based voting because they 品cus only on simple voting which cannot 
change the necessaηnumber of results adaptively. In this chapter, an adaptive grtmp-based 
job scheduling method is proposed あrcredib出ty-ba田dvoting with check-by-voting to improve 
the throughput of VC sys旬ms. The main con出butions of this work are the folIows. (1) 
Developing a dynamic grouping method, which p陀dicts the optimal group size based on the 
expec旬d-c陀dib出ty and redu田s the number of half-五nished jobs. (2) Revealing the 
performance of VC systems with several job scheduling methods including the proposed 
method and m-first voting used in 児alVCs.
Chapter 7. Conclusions 
This chapter concludes the 陀sults of this dissertation and discusses some promising resea四h











第 2 章では，対象とする vc システムの構成を述べ，その問題点を明らかにしている.
第 3 章では，信頼度に基づく多数決法の効率を改善する動的ジョブスケジューリング手
法を提案している.本手法では，見込み信頼度という新たな指標を導入し，多数決に必要
な冗長度を動的に推定することで，スケジューリングの高効率化を図っている.計算機シ
ミュレーションにより，従来法と同程度の計算信頼性を保証しつつ計算時間の大幅な削減
が可能なことを示しており，これは，計算の信頼性の保証と高性能化を同時に実現する有
用な成果である.
第 4 章では，信頼度に基づく多数決法の抜取検査の頻度を最適化する高効率化手法を提
案している.要求される計算信頼性に応じて，計算時間の期待値の理論的算出法と，それ
を最小化するための最適パラメータ導出法を示している.未知パラメータの存在を前提と
した最適化方法論は，実際の vc システムの計算効率を大幅に向上できる重要な成果であ
る.
第 δ 章では，抜取検査の不完全性に着目した新たな信頼度計算法とそれを応用した多数
決検査法を提案している.計算機シミュレーションにより，抜取検査の完全性を仮定した
従来法の問題点を明らかにすると共に，提案手法が任意の未知パラメータに対して計算信
頼性を保証可能なことを示している.これは実環境に即した仮定を導入可能にするもので
あり，実際の vc システムの信頼性保証を実現可能にする極めて重要な成果である.
第 6 章では，多数決検査の効率を改善するグループ化ジョブスケジューリング手法を提
案している.見込み信頼度を用いて多数決を成立させる参加者グループを動的に構成する
ことにより，従来法と同程度の信頼性を維持しつつ大幅に計算時間を削減可能なことを明
らかにしている.本手法は，タスクの実行期限が定められている vc において，非常に有用
な成果である.
第 7 章は，結言である.
以上要するに本論文は，耐妨害性を有する冗長計算を効率的に行うため，信頼度に基づ
く多数決の高効率化手法及び実環境に即した抜取検査の信頼度計算手法を考案し，その有
用性を明らかにしたものであり，情報基礎科学の発展に寄与するところが少なくない.
よって，本論文は博士(情報科学)の学位論文として合格と認める.
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